The current pictorial is a comprehensive review of the various cecal pathologies, including both those that solely involve the cecum and those in which the cecum may be secondarily involved. The various cecal abnormalities will be categorized as inflammatory, infectious, vascular, neoplastic, congenital, and foreign bodies. Emphasis will be placed on the imaging features that, when coupled with the clinical history, help to reach a diagnosis or to narrow the differential diagnosis.
Neutropenic Enterocolitis or Typhilitis
Neutropenic enterocolitis or typhilitis is a necrotic, hemorrhagic, transmural inflammation that involves the proximal colon in patients who are immunosuppressed.
Profound neutropenia is seen in almost all patients. On pathologic examination, neutropenic enterocolitis is seen as compromise of bowel-wall integrity, with subsequent bacterial or fungal invasion [3] . Although pathologic abnormalities can involve any segment of the small or large bowel, the cecum is the most common site affected. Typical imaging features on CT include low-density mural thickening and pericolonic stranding, with or without ascites; pneumatosis; and free intraperitoneal air ( Figure 3 ). Both small and large bowel may be affected. Predominant involvement of the cecum and the right colon favors neutropenic colitis over other forms of colitis [3] .
Cecal Diverticulitis
Cecal diverticulitis comprises 5% of all diverticulitis and has a higher incidence in the Asian population [3, 4] . CT findings include visualization of an inflamed diverticulum, focal thickening of the cecal wall, pericolonic stranding, engorged adjacent mesenteric vessels, and the presence of fecalith within the diverticulum (Figure 4) . In contrast to colon carcinoma, the enhancement pattern of the involved cecal wall is preserved. In approximately half of the cases, an inflamed diverticulum cannot be confidently identified, and, in these cases, it needs to be differentiated from surgical conditions, such as appendicitis and cecal carcinoma [4] . In contrast to sigmoid diverticula, right-sided diverticula are true diverticula, and the complication rate is lower. However, complications such as abscess, fistula, and perforation can occur and are well detected by CT.
Graft-versus-host Disease
Graft-versus-host disease results from reactivity of the functionally competent donor lymphocytes to the recipient who is immunocompromised. There is no specific predilection for involvement of specific sections of the small or large bowel. CT findings include bowel-wall thickening with hyperemic granulation tissue surrounded by lower-attenuation outer bowel wall (halo sign), fluid-filled bowel loops, fold thickening, mesenteric stranding, and intraluminal hemorrhage due to severe mucosal damage ( Figure 5 ). The overall extent of bowel involvement tends to be greater in graft-versus-host disease, and discontinuous distribution in the small and large bowel is often observed [5] .
Infectious Pathologies

Infectious Colitis
Most cases of infectious colitis can manifest as pancolitis, some are more often limited to the right colon, including or excluding the ileum, such as colitis caused by salmonella, Yersinia, tuberculosis, and amebiasis. All these types of infectious colitis share the CT features of wall thickening, pericolonic stranding, and varying degrees of ascites, and the diagnosis is often correlated with clinical history and results of laboratory studies. Tuberculosis and amebiasis, however, have sufficiently distinct imaging features to warrant their individual discussion. Both of these infections are endemic to developing countries.
Clostridium Difficile
Clostridium difficile is the most common infectious agent and causes diarrhoea in hospitalized patients; several chemotherapeutic agents, antibiotics, and immunosuppressive drugs are associated with an increased risk of C difficile colitis [6] . Imaging demonstrates diffuse thickening of the colonic wall, with surrounding inflammatory stranding and ascites. Marked submucosal oedema leads to an appearance described as an accordion sign on CT ( Figure 6 ). The disease typically involves the entire colon but occasionally may be segmental. In 5%e15% of cases, the disease is localized to the proximal colon and cecum [6] . Marked and irregular wall thickening, pan-colonic distribution, and mural nodularity favor C difficile colitis over other forms of colitis. Involvement of small bowel is extremely unusual [6] .
Tuberculosis
The ileocecal area is the most commonly involved portion of the gastrointestinal tract in tuberculosis. Findings on CT include asymmetric thickening of the ileocecal valve and the medial wall of the cecum, contracted and deformed cecum caused by scarring, exophytic extension that engulfs the terminal ileum, and lymphadenopathy with central low attenuation areas due to necrosis (Figures 7 and 8 ). Some of the imaging features helpful to differentiate it from Crohn disease are the following: fistula and sinus tracts are less common; lymph nodes are larger, with low attenuation centers, and are usually the cause of bowel loop separation; whereas, in Crohn disease, the lymph nodes are smaller and the separation of bowel loops is caused by fibrofatty proliferation; mural stratification is absent [7] .
Amebiasis
The cecum is usually the first area to be involved in colonic amebiasis and manifests acutely as acute fulminant colitis, with ulcerations and skip lesions. With disease progression, the cecum may become cone shaped. Despite the pronounced involvement of the cecum, the terminal ileum is usually spared; a helpful feature in differentiating it from tuberculosis [1, 7] . Amebomas, which consist of focal areas of granulation tissue, may develop in 10% of patients and present as focal masses, most commonly in the right colon [2, 7] . Associated features that can be seen on CT include liver or lung abscesses ( Figure 9 ). A comparative description of the various infectious and inflammatory colitis is illustrated in Table 1 .
Vascular Pathologies
Cecal Ischemia
Isolated cecal ischemia is rare but can occur because the cecum is supplied by anterior and posterior cecal arteries, which are terminal branches of the ileocolic artery [2, 8] . Another anatomic factor that may make the cecum vulnerable to ischemia is the length of its vasa recta end arteries, which are the longest in the large bowel. Gross distention of the cecum (>9e12 cm) can also lead to ischemic necrosis and perforation [4, 8] . CT features include the presence of bowel-wall thickening, absent or intense mucosal enhancement, dilated bowel, arterial or venous occlusion, inflammatory changes in the pericolic fat, ascites, and hepatic portal or portomesenteric venous gas ( Figure 10 ).
Intramural Hematoma
Colonic intramural hematoma may be iatrogenic (as a complication of colonoscopic polypectomy), may be related to trauma, or may represent an underlying disease process, such as vasculitis or bleeding diathesis ( Figure 11 ). Colonic intramural hematoma may act as a lead point for intussusception. Surgical intervention may be required in symptomatic cases [9] .
Angiodysplasia
Angiodysplasia is a condition of unknown etiology characterized by ectatic submucosal arteries and veins, with overlying mucosal thinning and/or ulcerations. It is the most common vascular abnormality of the gastrointestinal tract, with 70% of the lesions seen in the cecum and right colon [10] . Typically, the patients are elderly and present with chronic low-grade or intermittent acute massive lower-gastrointestinal bleeding. Endoscopy and angiography are the mainstay of diagnosis, with CT angiography having a complementary role. Unenhanced CT, followed by multiphase CT in the arterial and delayed phase, is recommended to appreciate the active bleeding, which results in progressive intraluminal accumulation of contrast material (Figure 12 ). The other angiographic features of angiodysplasia, including abnormal cluster of small arteries seen during the arterial phase and early opacification of the draining vein may also be seen in a multiphase CT angiography [10] .
Neoplastic Pathologies
Cecal Adenocarcinomas
Cecal adenocarcinomas account for more than 95% of all malignant cecal masses [4] . Cecal carcinomas, as primary malignancies elsewhere in the colon, can present as asymmetric wall thickening or a polypoidal mass ( Figure 13 ). They have a tendency to be large, polypoidal, and bulky, and may act as the lead point for an intussusception. They rarely cause obstruction and often grow for long periods of time without clinical manifestations [7] . The principal role of CT is in staging and detection of complications such as perforation, obstruction, intussusception or secondary colitis, or appendicitis.
Polyps
Colonic polyps can be divided into hyperplastic (benign) and adenomatous (malignant potential). They can be associated with various polyposis syndromes. CT appearance is of smooth, homogenous, intraluminal soft-tissue masses (Figure 14 ). Polyps larger than 2 cm in size are at high risk for malignancy.
Lymphoma
The cecum is the most common site of involvement of primary lymphoma in the large bowel [11] . Cecal lymphoma usually manifests on CT as a polypoidal mass or circumferential wall thickening with homogenous attenuation and poor enhancement (Figures 15 and 16 ). Other less-common appearances include cavitary mass, mucosal nodularity, fold thickening, and endoexenteric mass. Features that help differentiate lymphoma from adenocarcinoma include extension into the terminal ileum, well-defined margins with preservation of fat planes, no invasion into adjacent structures, perforation with no desmoplastic reaction, and a lack of obstruction despite luminal narrowing [7, 11] .
Carcinoid Tumours
Carcinoid tumours in the large intestine are relatively uncommon and are most frequently observed in the rectum, followed by the cecum [7, 9] . The cecal carcinoids tend to be bulkier and more aggressive compared with more distal carcinoids [7] . On CT, they appear as polypoidal intraluminal masses and are indistinguishable from adenocarcinomas ( Figure 17 ). 
Gastrointestinal Stromal Tumours
Gastrointestinal stromal tumours (GIST) are the most common solid mesenchymal neoplasm of the gastrointestinal tract [4, 7] . The large bowel is the least commonly involved. As with GISTs that occur in the stomach and the small bowel, cecal GISTs also have a large exophytic component [7, 9] . They are relatively large lesions (3e10 cm) and usually show intense enhancement postcontrast administration (Figure 18 ). The various benign tumours that can involve the cecum include lipoma, hemangioma, smooth-muscle tumours, neurogenic tumours, and polyps. CT can accurately diagnose lipomas due to their fat content, whereas intense enhancement and the presence of phleboliths points to the diagnosis of hemangioma [9] . Smooth-muscle tumours, for example, leiomyoma, and neurogenic tumours appear on CT as nonspecific submucosal polypoidal lesions. Homogenous attenuation and an exoenteric component are present in the majority of cases ( Figure 19) [4, 7] . At times, CT may not be able to differentiate cecal adenocarcinoma from inflammatory conditions such as diverticulitis and colitis, granulomatous diseases, and non-neoplastic conditions such as inflammatory pseudotumour; endoscopic biopsy usually provides the answer in these cases (Figure 20) . 
Congenital Pathologies and/or Abnormalities in Position
Cecal Volvulus
Cecal volvulus is a torsion of the bowel around its own mesentery, which often results in a closed loop obstruction. It generally occurs in patients 30e60 years old and typical clinical symptoms are vomiting, constipation, and acute cramping pain [4, 12] . CT findings include extreme dilatation of the cecum, abnormal location of the cecum in the left upper quadrant, convergence of the 2 limbs of the looped obstruction at the site of torsion (''bird beak'' sign) and spiralled loops of mesenteric vessels, collapsed cecum, and terminal ileum (''whirl'' sign) ( Figure 21 ) [12] . Complications include ischemia and perforation.
Cecal Bascule
Cecal bascule is a volvulus of the cecum in the transverse plane, which results from adhesions between the anterior wall of cecum and the ascending colon. Predisposing factors include previous abdominal surgery and chronic illness. The cecum folds anteromedially and produces a flap-valve occlusion at site of flexion [12, 13] . The signs and symptoms are similar to cecal volvulus. CT findings include cecal distension, abnormal location of the cecum in the pelvis or across the lower mid abdomen and anterosuperior position of the appendix due to the anterior folding of the cecum ( Figure 22) [12, 13] . Abnormal mobility of the cecum occurs in 10%e20% of cases, predisposing to cecal volvulus and herniations [12] . The presence of cecum within a hernial sac may be detected incidentally or by one of the potential complications of the hernia, including obstruction, ischemia, or appendicitis ( Figure 23) .
Malrotation refers to any deviation from the normal 270 counterclockwise rotation of the midgut during embryologic development, and the imaging findings depend on the degree of nonrotation [14] . Narrow mesenteric pedicle in malrotation predisposes to midgut volvulus and abnormal peritoneal fibrous bands (of Ladd) predispose to internal hernia and bowel obstruction. Many cases of quiescent malrotation in Figure 22 . Cecal bascule in a 45-year-old man with prior multiple surgeries for abdominal tuberculosis and presented with severe right lower quadrant pain. Coronal contrast-enhanced computed tomography, revealing mildly dilated and stretched cecum (arrow) lying in the mid lower abdomen. (Inset) Axial image of the same patient, revealing the stretched cecum (dashed arrow) and the anteriorly located appendix (solid arrow); the cecum was not massively distended, but the patient was taken to surgery because he was symptomatic. Surgery confirmed cecal bascule. Cecal decompression and cecopexy were performed. adults are detected on CT performed for unrelated reasons. These finding should not be trivialized, because there is no reliable means to predict which patients might experience a future complication [14] . CT findings include (a) duodenaljejunal junction fails to cross midline and lies below the level of the duodenal bulb, (b) superior mesenteric artery and superior mesenteric vein may assume a vertical relationship or show left-right inversion, (c) the small bowel may be right sided, and there may be malposition of right colon, (d) underdevelopment or absence of the uncinate process of pancreas ( Figure 24 ). Cecum may have normal location in up to 20% of cases [14] .
Alimentary tract duplications may be cystic or tubular. Large bowel duplications, and in particular cecal duplications, are extremely rare [15] . They usually present during the first year of life, although occasionally manifest in older patients. At CT, a cecal duplication cyst appears as a nonenhancing cystic mass, usually close to the ileocecal valve ( Figure 25 ). In 20% of cases, a communication with the gastrointestinal tract may be present [9, 15] .
Foreign Bodies
As in other parts of the gastrointestinal tract, various foreign objects may be seen within the cecum, and CT helps in confirming their location and detection of any complications (Figures 26 and 27) . Needles, fishbones, and toothpicks are the most common foreign bodies that cause bowel perforation, with the most common location being the ileocecal valve [5] .
Conclusion
Multidetector computed tomography has a primary role in characterizing several cecal conditions, whereas, in others, it complements colonoscopy in establishing the diagnosis and defining the extent of the disease. Knowledge of the imaging appearance of these entities helps to facilitate timely and accurate management. Letter to the Editor / Lettre a la r edaction
Radiation Dose Reduction in Computed Tomography: Implementation of an Iterative Image Reconstruction Method
We read with interest the article by Dr Aaron Sodickson [1] in the May 2013 issue of the Canadian Association of Radiologists Journal, which explains how strategies of radiation dose reduction in computed tomography (CT) can be used in an acute care setting. One of the most recent of many technologic improvements that can be part of a global radiation dose reduction strategy in CT is the iterative reconstruction (IR) method, as mentioned in Dr Sodickson's review paper [1] . When a decrease in tube current or voltage is used for dose reduction, CT image reconstruction with the conventional filtered back projection method is associated with an increase in image noise and hence a deterioration of the image quality [2] . Because IR may reduce image noise, it can be used in association with several radiation dose reduction strategies to provide similar image quality at a lower radiation dose.
During the past year, we implemented an IR method (iDose 4 , Philips Healthcare, Cleveland, OH) on our 256-slice CT scanner (Brilliance iCT; Philips Healthcare). The implementation of IR in our CT protocols required a close collaboration between radiologists and technologists. As also reported by Willemink et al [3] , it is our experience that the introduction of IR does not result in clinically important CT image reconstruction delays, including in the emergency setting. Our preliminary results showed that CT tube current could be reduced by 25%-50% in chest CT, pulmonary CT angiography, and cardiac CT angiography; by 30% in abdominal CT, and by 40% in peripheral arterial CT angiography, with no significant decrease in image quality. Further controlled studies on IR for chest and cardiac CT are under way in our center.
Radiation dose is an important issue in CT imaging, in acute [4] and routine settings. As mentioned by Dr Sodickson, numbers of radiation dose reduction strategies are available that can be applied by radiologists working in a team with technologists. Proper use of recently developed technologies in CT image reconstruction, such as IR, should help radiologists to adequately image their patients with lower radiation exposure.
